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IT^ I!!" "'u*" ^"^^o" Method of 

M^^fectong the Same, and Hectmo Source and In«ge Fonmng App.n.t„s 
usmg Electron Emission Device Pl«™nis 
(57)[Abstiact] 

Wect] To provide an electron emission device having a uniform electron 
^n^eharacterrsu. „hich is mannfectured simple mannftct,^ 

[Constit^aon] An dectron emission device formed in such a manner a^t 

^T2'T^'^'''"'°^'^ ™ '-"ha^sul'^i toashape in 
»*.ch the dectrodes2,nd2-aroconnect«J to each oa.er, minute mtervalsLof 
500 nm or less are formed by f«:„sed ion beam, and a deposit 3 essentially 
<»n,ammg carhon « fonned in fte minute interval by thermal treatment a^ 
atmosphere containing hydrocarbon gas. 
IWhatisdaimedis] 

Waim I) An electron emission device d,a,acteri«d by at least comprising an 
msulatag substtate; a pair of electrodes fonned on the insukting substr.te:ti« 

r t, "^ '° " """lK«e a minute gap 

therehebveen; and a deposit deposited in the minute gap, the deposit essentiaUy 
containing carbon, 

[aaixn 2] n,e electron emission device according to daim i, wherein the 
ntunute gap is 500 nm or less. 

[Claim 3] nie electron emission device according to daim i or 2. wherein the 
deposit essentiaUy containing carbon is an aggregate formed of a fibrous 
material. 

Eaaim 4] The electron emission device according to daim 3, wherem the 
fibrous carbon is formed of graphite, amorphous carbon or mfacture of graphite 
and amorphous carboa 

[Claim 5] A method of manufacturing an dectron emission device is 
diaractenzed by comprising a ^ep of forming a pair of dectrodes on an 
insulatmg substrate, the pair of electrodes fedng to each other so as to 
interposea minute gap therebetween; and a step of depositing a deposit in the 
mmute gap, the deposit essentially containing carbon 

[aaun 6] The method of manufacturing an electron emission device according 
to dam. 5. the depositing step of the deposit essentially containing carbon is a 
thermal decomposition step of carbon compound. 



tf^oA iooi:= 

Utf/U2/UZ 15:29 
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comp<mndis.h«.a~«eJ3r^r^ decomposition step of U« cMbon 
to any one of datos 7^?^^^ ^^rfi-g 

inter-ekc^demmuteZ^^r,. """" » 

»eta, fine ^Tit^^C^y'^^^^'^'r'''''' 
compound tnermaiiy decomposing the carbon 

o^r-f °f »anu&«„ri„g an eleC^n enUssio. device acconiing 

flKnnal decomposition temperature or less of eihvl.„. .7 T T 
containine eHivl»n. .„ / , etByiene at atmospliere 

theZl^ * ' ° ™'««P'ently heating tl.e meld oxide to the 

*»nal decomposiSon Kmperature or more of ethylene at 2, 

fa-»«lAne>ec.„nsourceischaracterizedby.omprisingat.eastonedevice 
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array which is constituted by arraneine the nlnroij*,, t , 

of electron emission devices to each other. Plurality 
[Claim 16] An electron source is characterized by comprisme at W« a - 

devices are matrix-atiayed. onvmg the 

[Odm 17] An image formation apparatus is characterized by comprising the 
electron source daimed in daimie an r • compnsmg the 

J j: ^™""™*5, an image formation member andacontmi 

[Claim 18] An image formation apparatus is diaracterized by comprising the 
elec^nsourceclaimedind^ 

[Detailed Description of the Invention] 
[0001] 

[Held of todu^ Application] The present invention relate to an eIe«ro„ 

~> dev,ee, a„ deCron «,„rce constinued by arranging ^ 

^n „ devces. and an image fonnation apparatus such i a dis^ 

^Ton^tr"™"" - -'^'x' - "-^H-S «.e forgoing election 

[0002] 

IPrior ArO TWO Wnds of thermodectron source and cold cathode electron 
have be«.he,«.c*.r. kno^n as a. election emission device. J^L 
^Zd ,1 ^'^ ^ 0-einafter referral to as a FE type) coM 
^ tr ZT ""^^^-^ "Ver/n-etal type (h^Lr 
" = *™ «W cafliode election source and a surfece 
conduction <we cold cathode election sounse. <> a sutlace 

too<^] As an example of the FE type. "Field emission-. Advance in election 

of«hm-fflmfieldem,ssioncathodeswithmolybdenhm,cone»"J Appl Plm ^, 
5^8(l976)byC.ASpi„dtandti,elikehavebeentoown 

S " " °f "«« tunnel-emission 

^ . X Appl. Phys, 3.. 646(r960 by a ^ Mead and the Hke has been 
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Ipoos] Furthermore, as an example of the surface conduction type electron 
emission device, the one has been described in Radio Eng. 10 (1965) Electron 
Phys, by M. I. Elinson. 
[0006] 

[Subjects to be Solved by the Invention] When the display device and the like 
are constructed by use of the plurality of electron emission devices as described 
above, uniformity of election emission characteristics of the devices is required 
and uncompUcated processes for the fabrication of the devices showing the 
uniform electron emission property is required. Accordingly, as to the election 
emission device, eager examinations have been conducted to meet such a 
demand, and to achieve further simplification of the manufacturing steps and 
more excellent device. 

[0007] An object of the present invention is to provide an electron emission 
device with high reliability, which shows a uniform electron emission property 
without accompanying complicated processes, and further another object of the 
present invention is to constitute an electron source by use of the electron 
emission device, and an image formation apparatus. 
[0008] 

[Means for Solving the Subjects and Operation] The invention defined in 
claims 1 to 4 is an electron emission device which achieves the above described 
object, and characterized in that a pair of electrodes are provided on an 
insulating substrate so as to interpose a minute gap therebetween; and a 
deposit is provided in the minute gap, the deposit essentially containing carbon. 
[0009] The invention defined in claims 5 to 14 is a manufacturing method of 
the foregoing electron emission device, and is characterized in that a pair of 
electrodes is provided on an insulating substrate so as to interpose a minute gap 
therebetween; and a deposit is provided in the minute gap. the deposit 
essentially containing carbon. 

[0010] The invention defined in claims 15 and 16 is an electron source 

characterized in that the plurality of electron emission devices are arranged, 

and the invention defined in daim 17 and 18 is an image formation apparatus' 

characterized by using die respective electron sources. 

[ooiij The present inventiott wiM be described in detafl below. 

[0012] Fig. 1 is a drawing showing a basic constitution of an electron emission 

device of the present invention. In the drawing, reference numeral 1 denotes 
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msulatmg subsf^te; = and a', a device electrode; and 3, a deposit es5entiaUy 
containing carbon. ^ 

[00.3) As tlK substrate enumerated are. for example, quartz glass, glass in 
the content of impurities such as Na is reduced, soda lime glass a 
^ bo4,m«*ich SiO. is stacked on the soda lime glass by a sputtering 
method or hke, ceramics such as alumina and the like 

C0014] As a material of the device electrodes a and 2' facmg to each other, a 
general conductive material is used Aprinting conductor composed 
mduding, for example, Ni. Cr, Au, Mo, W, Pt, 11, Al, Cu, Pd and the Uke or alloy 
of Aese metals, a metal including Pd, Ag, Au, RuO„ Pd-Ag and the like or metal 
ox:de of these metals, glass and the like, a transparent conductor such as 
In.03-SnO. and a semiconductor material such as polysilicon are properly 

[0015] The device electrode gap L and the device electrode length W are 
designed according to a type applied and the like. 

[0016] The device electrode length W should preferably be several um to 
several hundred jim in consideration of the resistivity of the electrode and the 
election emission characteristic nie thickness d of the device electrode 
should preferably beseveral hundred A to several tim. 
[0017] The gap L between the device electrodes should be minute, and should 
preferably be equal to 500 nm or less. 

[0018] Descriptions for a method of manufecturing an electK,n emission device 
ofthepiesentinventionvillbemadebasedonFSg.2. NoteflwtinFig 2, the 
same reference numerals as those in Fig. 1 shows the same member. 
[0019] (A) After the substrate 1 is fully washed out by a cleaning material, pure 
water and organic solvent, a device electrode material is deposited thereon by a 
vacuum deposition metiiod. a sputtering method or the hke. Afterward, a state 
where^tiie device electrodes 2 and 2' are communicated with each other is 
formed on the plane of the substrate 1 by use of a photolithography technique 

[9020] (B) Next, a predetermined gap L is formed between the device 
electrodes 2 and 2' by use of a focused ion beam (FIB) (Fig. 2(b)). The gap L 
can be formed by a method by use of process^ of photolitiiograpy or by a 

m^od m ^>*ich a step difference is previously provided in the substrate^ 
addition to the foregomg FIB. 
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[0021] (C) A deposit essentially containing carbon is deposited in the gap L. In 

Represent invention, the deposit shouldpreferablybefibrous^^^^ 
tomed of graphite or amorphous carbon. 

[0022] The fibrous carbon is gene^ed when hydrocarbon such as benzene and 
CO are thermally decomposed at a vapor phase by use of fine particles as 

^""""^ ""'^^ ^"^'"S' accompany 

c^nstnctions (for example, R. T. K. Baker and P. S. Harris: Chemist^^ and 

^ysics of Carbon. Vol. 14 p84 to 165 by Philip L. Walker Jr. and Petere A 
TTirower, MARCEL DEEKER, inc.). 

[0023] Catalyst activity in the decomposition reaction of hydrocarbon gas on 
the surface of a metal such as Fe has been investigated from a long time ago 
and there have been many reports as to the decomposition of ethylene (for 
example. Chemistry of ethylene on surface of transition metal" by Eriko 
Yagazaki & Yasuhiro Iwasaki. Surface, Vol. 29, pp 879 to 891, 1991) 
[0024] In the case where fine particles of Fe exist, the feet that the fibrous 
carbon is formed around the nucleus of the fine particles by performing the 
thermal treatment at the atmosphere in which the hydrocarbon exist has been 
known as described above. The Fe fine particles are formed by reducing a 
Fe compound forming a part of a ferrite substrate. The inventors of the 
present invention found thatfine particles formed of Pd widely used in a field of 
the electron emission device serve also as the nucleus in forming the fibrous 
carbon simflariy to Fe. Accordingly, in the present invention, when Pd is used 
as the nudeus for forming the fibrous carbon, it is possible to control the 
process maximum temperature to 450 "C or less (when Fe is iised. the process 
maximum temperature ranges ftom 950 to 1000 -C). Iterefore. Pd is 
preferable in terms of influences on other members and manufecturing cost 
[0025] To be concrete, after organic metal complex solution using Pd and the 
Wee IS coated and thermally baked, thus converting the solution to a metal oxide, 
the metal oxide is exposed to atmosphere containing hydrogen gas or subjected 
to a thermal treatment at this atmosphere, and hence the metal oxide is reduced 
and aggregated. Thus, metal fine particles 21 are produced (Fig. 2(c)) 
[0026] In the present invention, as the nudeus for forming the fibrous carbon, 
Ni IS preferably used in addition to the foregoing Fe and Pd. The nudeus 
Beeds not to assume a shape of fine partides. The same eflFects can be obtained 
If It IS forms, sudi as a projection shape, which is a singular point of a growth of 
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the fibrous carbon. 

ic^ The fibrou. carbon is depc«i.ed by usfag fte forcing a,, 
pamcles as the audeus (Fig. .(d)). The deposiftm meftod i„ Id, ca:^^ 
impound sud, a. byd^arboo i. ttemuUy deco„,po.ed as deJbTal^a 
adn«ph.re conwning ethylene gas „,ay be employed. exaltTth" 
«rW con,po«„d „ay be snbj«.ed to the «.ennal treatment at a'^h^ 
oomanung ea,rfene gas at a .emperat„« higher than ZZ 
d^posm<» ofethyfcn. a^Hon to ethylene, hydrocarbon g.Z^ 

m^,pn,paneandp„,pyIe„e«Klvap„ro,o:gan.os„lvents„d,«methan^ 

and acetone can be used ^<^xj^ 

roo28] llie invemoB of the preseM invention confirmed that the fibrous 
caAon.,K*fi,rmedat.t»,pe^„f,ooCorIess. On a>e other h^H 
a^pe^turehigherto^oo t:. it is possible to form «.e fibrons cariTl: 
a fiJIy «de rang^ Tie fibrous caAon similar to that of «, embodiment ft, be 

descr,bed above, smce other members of the device are afected by the thermal 
treatment at the high tempera.u„. a thennal treatment carn^ o^T^ 

It ^ or less is preferable. Actually, U,e 

tempe«^ of fte thermal treatment should be set based on a heat-r^ 
temperature ofthedectrode and the substrate 

^29] Moreover, fte teducdon step of the foregoing metal fine partides is, for 
eampKperfoimed at a temprature lower than the thermal decomposition 
of ethylene at atmosphere conadning ethylene gi, and 

2^^yafl«rmal.rea.mentatthea,ermal decomposition tempera.;.«or 
Tr*.^ "^T » I«fon.«l, whereby the reduction step of the metal fine 
^ «.d tbe^d^n step of tte fibrous ca*on can be conducted 

[oo3omen a sample was olserved by ..canning deCon micros<»pe, whid. 

ob^med by ftermally treating a Pd pa«ide.iispersed fihn a, ethylene 
^osphere^ m wh.d, Pd fine partides y«re formed, by the simihr step Ja«t 
of an embod,„en, .0 be descnW bter, on a sUioon substrate having a surfece 

It»«s "-"-finned by^ x-ray photodectron specbomelry (XPS) and a RAMAN 
apectremetiy that this was carbon. Moreover, when the fibrous carbon was 
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observed by a transmission electron microscone a l«tti. ■ 

and ^e fib^us carbon possesses cr^^^KortTat^^^^ 

verydistorted.andthecrystallinityispoor. ''^'^ /mage is 

10031] Fig. 3 is a schematic constitution view shoW 

measurement evaluation s^^em for me^u^^ TellT"' ' 

characteristic of the elertmn ^ • • . electron emission 

voltage V, to the device-To i 7 """^ » ^ 

<.o«^ between ^.r^^^ "e.^^^:.— ^ ' r f " 
capturing an emfasioncunem I.- a, aUA vl 

vohage to the anode eIectr^'ff/,!*'™''^T'™'~"™=''>"PP'^«a 
emission current Was aZ™!™ h ^ ""^ ""-"ri^S the 

installed in the vacuun, apZ^« ^ =^ 
taaruments such as a TZT! '^'^ ™'=>»™ «H»«««^ 35. necesory 
measurement e«auaBonsTr T ^"^^ «> 

uuderades^tC"^ * ^ ^ P-^«> 

[0034] The air exhaustion pump 16 is <mn«ih,f^ 1, 

•Pparatus ^yaem oomposJofl^! k "^^^ V an ordmary high vacuum 

beheatedtoa^o^t^""'*''''^-'™'-'™''"^"- 
ST^eW is^tr* o"*"- ""^iou device, which is to be 

system is set to , kVto .^^1^,1^ ^ - "^"^ ■""^«« ««J>«"«0" 
34andthee,ecttoneriiri:rs^:.":3"m'r"'^"'"'''^' " 

4,sincetheemissioncur,entll^ «^ "ote that in Hg. 

•-aa^^preseuted^rak'^^n^""''"^''''^'^^-'-™™"''. 
ro03.1 ^ b dear ft„» ^ ^ e.«:.r„n emission device of 4e pr^eni 
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te™«on has ae fon<«™g path^omonic charactoiai.^ for u,e 

emission current Ic lur me 

t0O38] Hra of all, .Aeii the device voltage V, eoual to » ~- • , 
(referred to as a threshold voltage- V,k m Z 

uusaon current I, is not almost detected Specifically this 
~ device is a .»a-li„ear device haviag . dear ^^^l^'i ^ 
the emission current 1. "*w»6e vth lor 



[0039] Secondly, since the electron emission device has « .1, ^ • 

monotonously reMve to the device vohae. v, A. • wo-eases 

controUedbythedevicevoItager^ °" 

™,dly, the emission chatses captured at the anode electrode 34 (see 

Rg.3^^pe„donadmefor,vhichthedeWce,olta,.V,isappBed. SpeJ^ 

«metrlrrr"^ -eCrode 3+ can he conf^ned^"^' 

nme tor which the device voltage Vf is applied 

^] Tie emission current U has the MI characteristic relative to the device 

Of .e .ecron emission I^Tth^ch^— .tT^ 
ftesohdto.es m Fig. 4. On fte other hand, as shown by fte dotted iui^p^ 

»nditK>nsa.daeIik. Ho«.«, to the electron emission^ceirXTt 

-™cecune«^ahawsfteVCt«lchar.c.eris.ic,ela.i,«,»;^ 

fte emission cnrr^it u has fte MI characteristic rdattve t. the d::!::^^ 

^rfSnt <^ to the alecon 

KMirce offte present invention will be described 

!Z'rfr"'^'"'"^'"'*'^'*°''™'-'»^totheelec,ron 
»m« of fte present tevention, enmnerated are a ladder 1™ arniv to !Zk 

fteelectron«nissiondevi.arearrayedtopa,.He^andaX^:C^ 



4JV« «-to* #oo*« 



Tddcaibei 8-115^ 



>« arrayed, each column being composed o( tie rH^lu, , , 

dovices, both terminals (both devirelel^ f ^ ''"*™' 

eo»PIedb,a^ring(„fe„«i J^-^^t^) °f f * - 

«Aich n-piece, y^„„ ^„ ° ■"<> « «ray style in 

X-direcaon wirings and the Y-direction u^J *««baween, and the 
P»irrfd«doe dectrodes of '^"^ ~«Pled ,o a 

«^ to - a Staple n^'J^T^'^r ."^ '■'"^ 

matrixamyv^nbemadeindetan ^^^I^'-k of ftis shnple 

-::r;rio:r::,^;--o-i„.e.ec.„„em.ion 
a^yed With the simple ma^^ T"^'"" °f "^ch is 

exceeding the thteshold vo^Ta^v , ""^"""^ ' 

Width the^o^ v^ich S b^ r ° ^■'"^^ a 

other. On the other hand. Moy, ZT f'fT "^'^ 
^mos. emitted. Accoriing,;.^ri„ '^jf »ot 
emission devices are arrayi fTwo" of elec^n 

applied to .he res^^^'^Z^"'^''''^'^ 

•^contro^ed. r^. l i^Z ^^::^^'"^'^ ^ 

^^dr^oniywitb.hesim'rrr;.'"" "---^ •» 
l0045jTiie ample matrix arravi.:W^ , 

t^ ..ectron so™„ «i,^t:r te'::2:r 

^mrcewiththissimplenmtri.ar^ywiD^Lfc^H^'"'"™ *=«ect™, 

Se?2.irt.^iri^ 

^^^^thesn^terS^rrtlr^^^ 
or the mce tCT.^ 
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[00491 An mterlayer insulating layer (not shown) is formed between the 
m-pieces X-direction wirings 52 and the n-pieces Y-direction wirings 53 and 
&e wirings are electrically isolated from each other, thus constituting the 
matrixwiring. Note that both of m and n are a positive integer. 
[0050] nie interlayer insulating layer (not shown) is SiO. and the like which 
are fonned by use of a vacuum deposition method, a printing meAod, a 
sputtenng method or the like, and is fonned on the entire surface of the 
substrate 1 or a part thereof, in which the X-direction wirings 52 are fonned, so 
as to have a desired shape. Particularly, the film thickness, material and 
manufactunng method of the interlayer insulating layer are suitably set so as to 
be capable of withstanding a potential difference at crossing portions of the X 
and Y-direction wirings 52 and 53. 

[0051] Moreover, the device electrodes (not shown) of the electron emission 
device 54. v>*ich face each other, are electrically coupled by the m-pieces 
X-direction wirings 52, the n-pieces Y-direction wiring s S3 and the coupling 
Imes 55 made of a conductive metal, which are fonned by use of the vacuum 
deposition method, the printing method, the sputtering method or the like 
[0052] Herein, the m-pieces X-direction wirings 52. the n-pieces Y-direction 
wmngs 53, the couplelines 55, and the device electrodes facing to each other 
may be fonned by the same material or different materials in the parts of their 
constituent components or the total thereof, and the materials of them are 
suitably selected ftom the foregoing ones ofthe device electrodes. The wirings 
«>upled to the device electrodes are sometimes generally called a device 
^ectrode when the wirings have the same material as that of the device 
electoode. ^ addition, the electron emission device 54 may be fonned either 
on the substrate 1 or an interlayer insulating layer (not shown). 
[0053] Moreover, to be described m detail, scamimg signal application means 
(not shown) for applying a scannmg signal is coupled to the for^omg 
X-direchon wirings 52 in order to scan the column of the electron emission 

device 54 arrayed in the X-direction in accordance with the inputsignal. 
t0054] On the other hand, to modulate each column of the electron emission 
devices 54 arrayed in the Y-direction, modulation signal generation means (not 
shown) for applying a modulating signal is electrically coupled to tiie 
Y-direction wirings 53. Moreover, a driving voltage applied to each of tiie 
election emission devices 54 is suppUed as a voltage difference between the 
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«^ signal a«i the modulating signal, vAich axe applied to the elec,«n 
emission device 54. 

rooSS] N«l, an example of an image formation apparatus using the electron 

^ of fte p.^ indention adopting the foregoing simple m^ix array^ 

^ tecrihed tir »« of Figs. 6 to 8. 6 is a basic constitutional vi JoTa 

d.^l.y,»nd8..Fig.7isad.a^aB,«ing.fl„o.escentfihn64.andFig 8is 
a Mock d««r^ dK,«ing an example of a driving circuit for a 

^^„n^l^maccordanc.«ith.TVsign.lof.m^^. 

m «h,ch the electron emission devices are arrayed in the above described 
~; 6: a rear plate fixing tie 66, a fece pbte m ^hiH 

fluorescent film 64, a metal back 65 and the like are formed on the mterior 
^ce of a glass substrate 63; and 6., a supporting Same. A casing 6^1 
constimted by ^^ng flit glass or the like onto ti,e rear plat. 61, the supporting 

fame6.andthefacep,ate66andl^bakingfl.emin.heairorni.rog^W 
400 r to SCO t; for ten minutes or more. 5 b«5 « 

tO0S7] In Hg 6. reference nmnerak and 53 are tiie X and Y-direction 

wmngscoupled to thepair of device electrodes^ands- of the electron emission 
de^ce 54 respeaively, a«i ti« X «„1 y.di,«tio„ firings 5. and 53 have tire 

external tennmals D„ to IW and IV to respectively 
[oos« Tte castog 68 is constituted by a« face plate 66, tire supporting frame 
6. and tire rear pl«e 6.. as described above. However, tire r^r pla^ 6^^ 
prmcpally provided with the intention for tire .daforoement of the strength of 
aesubstr^.. When the substrate, hself possesses ^^tatrengTti* 
rear pUte 6, as a separate member is mmecessary. Tie supporting tone «2 
may be hermetically atbTched to ti.e substrate 1. ti,us constihrting «« cadng 68 

by are face plate 66. a« supporting fame 62 and ti.e substrate 1. Moreo4 a 
sapportmg body (not shown) called a spacer is forther pro«d«l between L 

^ ■»d__ae rear plate 61, wh«eby the oasfag 68 having a sufficient 

strengfli agamst flie air can be produced. 

72 m tte case of monochrome, Uie fluorescent fihn 64 is constitiited by a black 
wnduchve material 7. and a fluorescent substance 72 called a black stiipe (Hg 
^ ' 7(b)) according to the array of tire fluorescent 

»teanpe 78 mftecase.ofthe color fluorescent fihn 64. lie o^ect to provide 
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the black stripe and the black matrix is to make color mixture and the like 
mconspicuous by blackening the boundary between the fluorescent substances 
72 of three primaries, which are necessary for color displaying. Another object 
^ to suppress the decrease of contrast owing to external reflection in the 
fluorescent fihn 74. As the material of the black conductive member 71 not 
only a material essentially containing graphite ordinarily widely used but'also 
oth^ materials can be used as long as the materials are conductive and show 
less light transmittance and reflection. 

[0060] As the method to coat the fluorescent substance 72 on the glass 
substi«t« 73, a deposition method and a printing method are used irrespective 
of monochrome displaymg and color displaying. 

[0061] Furthermore, as shown in Fig. 6. tixe metal back 65 is ordinarily 
provided on the interior surface side of the fluorescent film 64. The metal back 
65 IS used for the purpose of enhancing lummanoe by mirror-reflecting light 
among light emitted by the fluorescent substance 72 (see Fig. 7) to the glass 
substrate 63 side, which is to be propagated toward tiie inside, of acting as an 
electix)de for applying an electron beam acceleration voltage, and protecting the 

fluorescent substance 72 from damages by collisions of negative ions generated 
.vrthin the casing 68. The metal back 65 can be prepared in such a mamier 
tiiat after the prep^tion of the fluorescent film 64. the interior surface of the 
fluorescent film 64 is subjected to a smootiiing treatment (usually called 
filnung), and tiien Al is deposited by use of a vacuum deposition and tiie like 
[0062] To enhance the conductivity of the fluorescent film 64, in tiie face plate 
66, a tr^^parent electrode (not shown) may be provided on tiie outer surface 
side of tiie fluoresc^t film 64. 

[0063] When the foregoing hermetic attachment is conducted, since tiie 

fluorescent substance 72 of each color and tiie electron emission device 64 must 
co^espond to each otiier in tiie case of color displaying, it is necessary to 
perforin full position alignment 

[0064] Inside of tiie casing 68 is made to be a vacumn of about ityr Toit 
through an air exhaustion pipe (not shown), and sealed. Furthermore, 
immediately before or after tiie casmg 68 is sealed, a gettering treatment is 
sometirnes performed. This is a treatment in which a getter (not shown) 
arranged at a predetermined position in tiie casing 68 is heated to form a 
deposmon fihn. Tiie getter usually contains Ba and tiie like essentiaUy and 
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senrestomaintainavacuumotforexample,! X 10-s toi X 

lO^Torrby the absorption function of the deposition film 

{0065] The foregoing display panel 81 can be driven bv for e^amnl. .a - - 

circuit as shown in Fig. 8. Note that in Fi^ ft If ^ ' """^ 

J. , , 6 o. iNore mat m Fig. 8, reference numeral 81 denote: » 

<N.hypand; asc^iUngoircui.; 83. acontrol d™., 84. .shift reSTs.^ 

«nglialgenetator.aiidV.ai.dV.DCTOltagesou«e >»oaulation 
fc<.66J A. sh»m to Rg. 8. the displ^ pa„el 8. U electrically coupled ,0 an 

external electric dmUtthwugh the external tetminakD to D J ^ 

tenalnals 1^. .0 1^ and «.e h^ ^.t.^ Z^;^ " 

e™,nal.. a scanatag appHed to the ^ Un^inJ^^Te 

-.mag s^als being for seq„en«dly driving an electron J^^lZ 
^uponecol^nbyon^^^^ 

~n deuces provded in the forgoing di^lay pa„e, 8, a,« n^trix-arrayed 
intheformofmatrixofra-coIumnsandn-roTO 

10067) On the od.er hand, a modalation signal is applied to the external 
dettron beam of each electron emission device in one column seized by^ e 
«.|.pl.ed to the h,gh voltage terminal Hv from the DV voltage source Va TT,is 

tzr^rr ^ """^ """^ on^„: 

fe.m Ae electron emissbn device, the energy being sufficient for the elect^n 
beamtoexdtethefluotesientsubstance. ma electron 

[«68J The «=amm« drcuft 82 comprises m switching elemems therein 

dirf to^s"' " « Bach of the switc::^ 

dement S. to &. sdects one of an ouq«it voltage of the DC voltage power 

2°fae external terminds Do to D». of fl„ display p^ 8.. EaToffte 

Vae ^n^l c«un 83, and actually can be consUtnted easOy by combi L " 
dev««havmgas™,chingfimctionliie,forexample,FErs. 

*«actemt.c of the.fo,«going electron emission device (threshold «,l,age) so 
^ a dnvmg voltage appM to an dectron emission device «hld. is n^bd^ 
Mannedisthethteshddyoltageorless. isnotoemg 
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fc^o] •n,e«,ntrol c^cm, 83 has , too«„„ to adjust operations of the secdons 
«P« ftom the ouWde. Based on a synchronous signal tJITO^ 

WT^MrfT^aregeneratedforthesectionsofthecircuit '^'"^ 
100^] Hie ^jmJmmous signal separation dront 86 is a circuit for se,»n.K™ 

separatron c„™^t ^86 is composed of a vertical synd^rTus sig^" 3 a 
hor^^ntal s^chronous signal. Herein, for con«nience-s s^e oTan 

^o T^T^Ztrra'r^T""*^ ^--^^ 

mr* ■ • • °= " °ATA signal for convenience's salte. Hiis 

DATA signal IS input to a shift register 84. 

1005a] TIm, shift twister 84 serjal/parallel^nverts the foregoini- DATA ri.r„,i 
»hKh i. serW-inpu. ^ ti„.e.e,uen.ial„. for one line fie tot^S 
sTmtt:" -.".1 T. sen. ,.o„ the foregoing eontr^'^rS 

84. Ptotharmore. tte data equivalent to one line of the imaee 
(equivalent to driving data of «« n electom «nission devices), «hich has bl 
su^d to fte serial/parallel conversion, is ou.p« fton. t^; for^ot^ 
ngBter 84 as n-pieces parallel signals Id. to U.. S g snitt 

[ooTsme line memov Ss is a storage device for storing data of one Itae of the 
"».ge for a period of «n.e require ^ ^orTcontenl "u^ 

a^o^ce «ith flie control signal s«., fiom the co«,„l 01^1^8^ Z 

C~74) modulation signal generator 87 is a signal source for performfag . 
dnve HKKiulaUon for each of the electron emission deW«s^Z^ i^ 
v*h the co^sponding one of the foregoing image e^Z^,^ 

Ae^«m,n emission devices in the dispby panel 81 through UrnZ^^^^ 
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[0075] As described above, the electinn • . 

>n .he e,ec^„ has a dea. U.^„„ 

ranent chaoged dependinj „„ th, , Moreover, an emision 

or«»«»esho>dvota«eaJ^ ;;,^~r™'f«veu.«.e^„e 
materia^ consul.,. 

dev,ce.thefoIIowfagca«bederivedany«at 
[0076] Spedflcally, ^ the pul»Jilte\L>I^ 
"^on aerfoe, fte elechon en^l^^l" '° 
the voltage equal to the ttaeshold vZTorl T """P'^' 
the vo-tage ex^i^ the threahoIdt^C^tplTr , ^ 
<>«UK. At thfa time, fiia, by chanrin, * « aPPhed, the election emission 
l-ible to control ;etten^Tti^'^^„™^'»f*«™>'^eP"l«.i. is 
*a08ing the width of a,e voLe ^ ^'^y- by 

-o^taf.hechargesof.he;^:^:^,:;^'^'' ^ ^ 
[0077] According, as a method of modulating the .1 - 
"coriance Kith the input signal erZ^^TT^ '°^'''>' ^"i" 1» 

a pulse «idth mod^ltrod 1" '^'^ 
1= P«fom.^ the -oduUtion s^tte~ : "^"^ 
constant I«,g,h, and a circuit adondf^r ^ ° f » 

<rf moduUting ^ P^^ X^XtZT""^-" 
input thereto is used Moreo», 1 T " 'ccordanoe with data 

performed, .he n-odulaS::^ modulation .^^^ 

constant peak valUe, k circuit .d„^^ 87 generates a voltage pulse of a 
. -WMeofn.odutei^'a.^^-'^ *^' Pf- «i*h n.oduU.d„„ 
used. ^ ''^'™^''"'«'"'"ce«ith data input themo is 

«ni> as long as ftJl'^^^'^f •**«»«^*«' 
fQ079rv««n«^d^'^^"^"'=''«'.«»™taedspe^^^ _ ^ . 

the J^hronous s^^^^^lnit^nt r" "^^"^ 
^n>s^U perform, hy providi.^ ^^iT^^J^ 



section of the synchronous signal separation circuit 86 
[0081] SpedficaUy, in the case of v , • . ^ ^ 

« J ^ "™^'^°^^ves output bv the o<!rmat«.. 

[0082] On the other hand in the case nf fK« 1 • , 

^ich h^rts r/r r^^^^ 

«ug a voltage of the .odulation' signL t^ a :^tagrfor dri^^^^ 'Z 
electron emission device, if necessary ^ 

o^piay panel 81 and the dnvmg circuit as described above, can emits electron, 
ftom necessary electron emission devices by annlvfa. iT 
terminals D« to and IX, tn TV ^^^^ ^^^^^^ from the 

«orfh.tJ ?^^'^*^^PP"^'^^e^^^t^« to the metal back 
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01 tae imago fomung apparatus. Moreover, the msc • 
enumerated as the innntciimsi a . "isi. system is 

» . PAL l=ya«n and a SECAM sysL 1 Z T' ^ 

composed of scannine hues of i™ ^ ' ^ 

^y^andthelike "^"^ the PAL and SECM 

[0086] In Fig. 9. reference numeraJi denotes a substrate- • • 
^;»d,.c„mn.on^foreoupH„g«.e^;.^rrr 

than the threshold voltag^lrb^^"ed^,^"^"^; ^ ^^^^ 

emitthe electron beam w-Zl^ to^^^^ ^'""'^ '"^^"^ 

between th.^« i ^ ^ *»"™<>° firings to D, arrayed 

b^eentiie device columns, the appKcation of such a driving voltage cJZ 

performed whfletreatingthe adjacent common wiiinEs 04 Zt^T 
vfinnev f^^ n. ^ , winngs 94, that is, the common 

^^^94 for the external terminals D, and D3,D4 and D D<«n^ n_ 

and D,as miited one wiring ^« 

^^e^P.<..hee,ec.rons::.::;~^^ 

tooso] I. refere^^e numeral denotes a grid electrode; ,3. an 
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opening for allov^ing electrons to pass therethrough- D tn n ^ . 
teminak for applying voltanes to rP^Ln ^^^rnal 



t009.] In Rg. 10, the same reference numerals as those in Fto 6 <i.n„f a 
same members. The display panel of Fi, m Mtt " ^ * ^««"« 
.»nd 8. using the eleeJn so^: a:;^!"" ^.f::^^ '^.'^ 
Fie 6 in that tK» 1 J ^ ® ™y shown in 

^ 6 m^that the gnd electrode is pr<^aea between the substrate . and ^ 

1. J , 54 TO allow the electron beam to pass throueh the 

^l-.hap«, electrode provided perpendicular^ to «,e ladd^-arrayed" 

S T'V^ ^gement p«ition of the grid electrodes 92 not 
pC^ 't;","*"^""^ '3 may be provided h. flrefbrm 'f m^t 
Pteal fte gnd electrode 9:^ may be provided, for e«mpK aromrf the 
electron .m«su,n device 54 or near the electron emission devic^ 
C0094] 11« «temal terminals D. to D„, and G. to G, are coupled to a driving 
--"(notdK,™.). Amodulationsignale^^lenttooneBr^offtei^ 
a« cohmrn of the gHd electrodes n in svnchro„i.atio7^ ft^ 
«=q«nW dm^g (scmming) of the devi« column one by one Xet 
m^djatron of the electron beam onto fte fluo.«cent film 64 l^'oon^^ 
andthermagecanbedispUyedoneltaebyoneUne '««"'tTolled 
S ^ "t!^ -bov^ the image forming apparatus of the present 

which adopts ^ny one of the simple matrix arr^ arid the ladder type arrav 
m.age fomung apparatus suitd^e for display devices of^e^" 
inference system, computer, and the Hke. ih addition tp display 
foresomg television broadcasting, can be obtained. mZJL^^ 
«>nnmg apparatus of the present invention can be used 
.pp^atus in^rporated in an optica, printer. ,*|ch ^IZZIZI 
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photosensitive drum. 
[0096] 

[Embodiments] 



forming a device electrode a , 

:^ «hida is obtained by diW„ ^X^^T^ " 

fine parades having a dLet^Toft?^^ "**"- "'^^ 

ftedevioeind..s4e °f3to7nmv«rei6nnedonthesuAceof 

[0099] Subsequenfly, a tliennal treatment was condurt^ f 
al>sort«dinaI.tdecth,i «»n>d« were considered to be 

a^ei-r^r r:,rrrL:r'i 

shown in Fig. 3. measurement evaluation system 

Sntrt:::"-^rf'^''™"''~--'"-^ 

seconds '^'^^d to saturation after about' 600 ' 

[0102] [Embodunent a] The election emission device fabricated in th. 
same manner as the embodiment 1 except that the ea^wT^^ a 
dectiodes was set to TOO nm T ™* ''^^n *e device 
«» ow. 10 500 nm, and le and If were measniwi r j t 

--..«e..boot40ose«nds.respec.ive.y.,„dL^o,'^^ 
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p. '"««a»t the fibrous «ri>o.B were few to fte center of the 

Pd -pie. «*«,ontla^rr^-'^J-^-^^ 
conducted thereon. Tken^ . ««>■> and then, baling at 300 t: yns 

minutes a, rSo t; to^Tt^rf^r" T*""' 

-bsec^enay the de^cell^'^'r ^"""^ ^ and 

««ple. solution ^ hea^o t ts""' T 

fcr ro .inntes. -Hie eiecWcT ZSl^ ^t^" "'"^ 

«asain,ostiden,icaItothatof.hee.C^.f --io" devi„ 

^Comparison e»unple .] We device electn,des and the gap between the 
electrodes were formed accordine to th. • - -WDetweenthe 

electrodes are set .^^ol ""d \ '^''» 
werenotobsen^datl of I. and I, 

S^itw::^r^'°\'t"^°^''^"«-'^ 

endof^^re,^^^'^'*'^"*'-'-««>™«i "earthe 
^.andthel::!"^:^-^,:^^---^ 

above descn1w>ii nt.^»» *«se. ine reason wiiy 

«uvve aescnDed phenomenon occurred is as fnlloux, iatu ^i. 

^solution was coated fKoc^i ^- ^ ^ When the organic Pd 

between fibr^H. carbo^^":!"^ TTf '^'^.'^ 
Si>ecificanv a am.„t '™*' ™« '< and I, were not observed. 

*ec«H»Uly, a current did not flow between the device ek«toxles. and ft 
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estimated that the electron emission did not occur 

^S^^^d^.- ^^^^^^ ^ 
deposition method Th«»w.»fr- ^ ume glass substrate by a vacuum 

fon,iogthe W^:^" ««ked ffl„ subjected .o we. etchio^ a.^ 

photo:.,. p.«e™ . a „as, t^tfoZ^TX*::^ ^^^^ 
conducted b. a KIE (Heactlve r.^^:^;^^^ 

f0U2) A pattern vvUch k to be the device electx»ie wa. formed bv u«. 
photoresist (RD..000N.4.: .uade by Hitachi Chemica) ^ Udt 1 

zrtri" "'"^^ " vacuum d^^r 7, ; 

^ the unuec^ portions by the UMn^ ^ ^ J 

fous, SimiUrV to ae en,bodimeut . a gap ™s formed bet^en the device 
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electrodes by FIB. Moreover, simaariv to th. . k.^- 

eonverangfte dried o,^cPdco„p,„„J^^*;,""'3"°^-*- 
teatment at 180 V for 10 minn.^ L / Moreover, a themial 

foii6] SimUarly to the embodiment 1 a th,m,=l . . 
minutes conducted in o o. « ° .f !™" "^f Soo r for .0 
Wken the ekc.«,n emissbn Ice^of 't.^ J:!*" '"""'^ '""""^ "^o"- 
high resoluti™. SEM (scanning^ dl^n m^ T ' 
nofibreus carton v^reob^ ""^^'P^'^^ 

the aevice ^^r^ZTT^T"-'^- 
treatment. ^ to the thermal 

emission portion fint«.r-^Unf»«j ^ composed of an electron 

portion Unter-electrode gap), an electrode, a wirine and th. 1,1, 
Reference nmnera1<: ne o«j j , mnng ana the like. 

«5 numerals 115 and 116 denote driving wirines for Y »T,^ v_j- ^ 

transparent electit)de is formed, is insert^ J. a. ? ®" * 

ne'X^^^r::::^,^"'- '■^^^ 

7V Th^ov^-*^ 1 ^ ^^^^"<*™ehalf^selectionvoItaeewas 

7 V. The extraction electrode voltage was 5 kV 

[0119] When luminescence of the fluorescent substance due to th« .1^ 

tMs«ntodimen,,anduniformitof . 'f'*"''""^'* 

high. 01 tne electron emission characteristic was 

Io«o, lEn-bodimcnt s] An image forming memhe. was combined wid. the 
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d^on sou.^ of the embodiment 4 as shown in Fig. 6. and a display device 
capable of displaymg image infonnation provided from various image 
informatron sources from, for example, a IV broadcasting down Z 
constructed. A block diagram ofthe display device is shown in Fig 12 
[0121] In the drawing, reference numeral 120 denotes a display panel- 121 a 
driving dicuit for driving the display panel 120; 122. a display controller; 123' a 
multiplexer; 124, a decoder; 125. an I/O interface circuit; 126. a CPU- 127 an 
.mage generation circuit; 128, 129 and 130, an image memory interfac^ cirJuif 
131. an image input interfece circuit; 132 and 133, a TV signal receiving circuit- 
and 134. aninput section. (Note that as a matter of cour^ this display devici 
displays an image and simultaneously reproduces voice when the display 
T'Z^ signal contaming both of video infonnation and speed information 
like a TV signal, and descriptions for circuits concerning receiving, separation 
reproduction, processing and storing of the speech information, which do not 
relates directly to the features of the present invention and a speaker are 
omitted) 

[0122] Each section wiU be described along the flow ofthe unage signal below 
[0123] First, the W signal receiving circuit 133 is a circuit for receiving the TV 
image signal transmitted by use of a radio transmission system such as radio 
ivave and spatial optical communication. A system of the TV signal received is 
not particularly Kmited. and various systems such as a NTSC system, a PAL 
system and a SECAM system will do. Moreover, a TV signal composed of a 
k^e number of scannmg Unes (so called a high quality TV from, for example, a 
MUSE system down) is a signal source suitable for utilizing the advantages of 
Ae foregoing display panel, which fits a large area and a large number of pixels. 
TTie TV signal received by the TV signal receiving circuit 133 is output to the 
decoder 124. 

[0124] Furthermore, the image TV signal receiving circuit 132 is a circuit for 
i^^eiving a TV image signal transmitted by use of a cable transmission system 
such as a coaxial cable and an optical fiber. A system ofthe TV signal received 
IS not particularly limited like the foregoing TV signal receiving circuit 133. and 
also the TV signal received by this circuit is output to the decoder 124. 
[0125] Furthermore, the image input mterface circuit 131 is a drcuit for taking 
m an miage signal supplied from the image input apparatus such as a TV 
camera and an image reading seamier, and the image signal taken in is output 
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to the decoder 124. 

10.26] Moreover. a.e image memory interfe, dm* ,30 is . circuit for Wdn. 

Z '^2""^ T ° ""^ *^ referred to as f 

VTR), and the mwge signal token in is outpm to tlie decoder 124 

[OJ27] Rwhermore. tl>e image memory i„,«fece drcuft «<,'is a circuit for 

^8J Ftothem.0^ the image memory i„,.r&ca circuit ^,e is a circuit for 

«tag m an m««e s«nal fiom an apparatus like a sau image disc, which Stores 
s.Jlm«jged«a,aadU,esHnin«seda.at,keninisou.pu,tothe^cod« 
£0U,3 11.0 I/O mter&ce circuit «5 is a Circuit for coaling this dis^yl 1 
an compter, a computer nei^ori, and an ou*ut apparani ^ch as a 

image data and characters/gmphic informattan. In some cases. L I/O " 
mtoface arcu,t can inputs/outputs a control signal and numerical data 

"^'"^ »d the CPU .26 pr^aed h. this 
lowo) FUrtheriaore. the image generation circuit .27 is a circuit for generating 

m'S^^^'T*!"' ™ ^ ^k^e^PWo information 

mp« thereto from the outside through the foregoing I/O interfece circuit 

and based on image data and character/graphic informadon output fiom the 
CPU In the mslde of this circuit, circuits necessary for generating the 
^J»^ a rewritaH. memory for storing, for example, image dato and 
•Wter/graptac toformation. a read only memoiy storing an image pattern 
ootrespondmg to a diaracter code. «a a processor for an image pr^ng 
down are incoipotated. o *- 5 

[0131] The display image data generated by this circuit is output to the decoder 
124. and be output to an external computer network and a printer through 
the foregomg I/O interface circuit 125 in some cases. 

[0132] Rirthermore. the CPU 126 performs an operation control of this display 
device and operations concerning a generation, selection and edition of the 
<usplay image. 

[0133] For example, the CPU 126 outputs a control signal to the multiplexer 123 
properly sdeCs the image signals to be displayed on the display panel, and' 
combmes them, Ftohermore, at this time, the CPU 126 generates the control 
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s«nal to a d^lay panel controU* in ««ordance «iU, the image signal to be 
^e4andproper.yc„n.„U.noperaaon„,U«disph,deviiinS^^ 
"«aee da^play fi«,uenc)-. a scanning meftod (for example, an interface or^ 

non.mteriace),andthenumberofscam.ingK„esofone«;e^ 
[0134J FUttl-ennore. a,e CPU 126 directly ontputs the image data and the 
charac^/^phic information ,a the foregoing image gene«to circuit^ t 
»pu.s fte nnage data and the character/graphic information by acce^;^ 
« «»np«er and fl« memory U.ro„gh the foregoing I/O ilterfcce cir^i: 

toi3d Note.ftat as a mater of coarse, the CPU 126 may have to do with 
operadons «her flnm these operations. For example, the CPU ra6 may 
^ to do v^th inncHons to gener«e and process infonnationZ t 
example, personal computer and word processors. 

[0136] Alternatively, as desmbed above, the CPU 126 is comxected to an 
external computer network through the I/O interface circuit 125. and may 
perform an operation such as a numerical computation m cooperation with 
external eqxupment >ii 

[0137] Moreover, the input section 134 is. a circuit for inputting an instruction a 
program, or <kta to the foregoing CPU 126 through the user, and various input 
devices mduding. for example, a joy stick, a bar code reader and a voice 
recognition apparatus in addition to a key board and a mouse can be used as the 
input section 134. • 

£0138] Furthennore. the decoder 124 is a drcmt for inversely converting 
v»»s nnage sfemds. »hich are input ftom the foregoing image generation 
o^curt «7 and the fo«gotog lV dgnal receiving cira* .33 to a th«e primary 

\fZT^',^^"^-'^'^''"''i''^- Note that as sho™ 
^ the dotted hnes. .he decoder 124 should comprise an image memory therein, 
lie reason why the decoder comprises the image memcy is to deal with a 

TV s«nalre>,nnnga,em«ge memory in the inveBecomrersion. Moreo«r 
to, « because, by providing the image memory, advantages that displaying Jl - 
Ae stJl image becomes easier, and ad^mtages that iiage processing and 
^non from thmning, an interpolation, an eriaigement. a redurtion, and 
synlhesK of the miage can be performed easOy in a>mbination with the 
toregoing unage generation circuit 107 and CPU 126, are created. 
(0139] Ftathermore, the muWplexer 123 propedy sdectsa display image based 



Uva ifvoA ftfu<» 



Toldcaaid 8-115652 



have been subjected to r^^Tt ^ """"^ '""^^ ^^-''^ 

sdect the image signal. «1,eteby fte differTi ^ " ^"^ 
different areas by dividing cJ^tTl^'" °" '^'^'■^ '» 

mnlti-screenlV. ^ ^ °" P'-^-Kly of areas as SO called 

Coi40jFtethemiore,tl,e display panel controllers is, circuiff „ 
an operation <rf the driving circuit 12, h,^A Z """"fflng 

f0l4lj Htsl, with respect to a basic operation of the Hi^l 
eontrolling an operaHon se<p,ence oft J^l ' ^ ' 

^o„n,ofa^adisp,aypanelisou.put;„.^el:^tdr^^^^ 
[0142J Furthermore, With resnert fro tK-j • . ^"^"""^i. 

sample, a signal <b ^^^^^ ""^""^ 

»bich is applied to d^^pa^ '^r*^ ' 

10145] Tlieluiicbonofeach section is described in tinooK , . 
dispIaytheimaEeinform^H • ^ '^''^"'^^ ^he above. It is possible to 

i"So:rnr.tcrt.2 ^-^-^^^^^ 

controlling the opLtion^^^T^°''*' «"'^«» ~'^^^^^^^ 
uo tased on the foregoing faMge signal and the control signal 
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rhus, the image is displayed in the display nanel 120 a «^ r 
arecolIectivelycontrolledbytheCPuJ ^ senes of operations 

[0146J Furtheraiore, in this disnlav HmtS^ *.\, • 

pamapate .„ the operaHo:. of the displ^ device. T1>^o^ttZ I 
»age^onna,ion »=leCed among the « of .„.,ge JlSl^ 

but ^ the toage p^i^ fo, hoagelfoZZt 
<N.laj^ mduing, for example, an enlargement reduction 
■»»ven«nt. edge emph,^ thinning, interpoladon. color con^rsiT "d 
^ of an .pect .Ho of a,e image, and image edi::n2C 

^h the des^pHons of fl.is embodiment did no. mention the foDo^™ 3 

ded^ for processing and «iiH,g voice information may be pro„^ 

smnlariytotheforegoingimageprocessingandm.ageedition. 

10147] According. „ne unit of this display device can have fonctions such as a 

d«play devce of a TV broadcasting, a terminal devi<» of a TV conference an 

unage eifon device dealtag ^ a «il, picture and a moving pic^" 

ttnmnal dev.ce of a computer, an OA terminal device ftom a »ord p,oces«,r 

down, andagame machine, and hasavety^de application range as mdustrial 

and consumer display devices. 

[OI48J Note that. Fig. « sho«s nothing but an example of the display device 
-^•^e d^play panel having the elect^n emission device as fte deZ 
»d. as a matter of course, limitations are no. made to this. For 
a^pK amms concennng unnecessaiy fonctions fiom a,e viewpoint of 
mten&d «.d^e may be omitted among fte consttment component of Hg 

t^. ^|««»«'. on a» conteiy. constituem components may be added 
,d^»dmg on ft. toendrf end-usage. For e«mple. vvhen the tins display 
^.«ft«ifoaW.elepho„^.r.«ivi^ 

mdudmg a W camera, a voice microphone, an illumina.or. a modem and ti,e 
hkeshouldprefetaU/addedtiiereto. "uie 
bM9]Intodisptoy device, sn^ 

d^^ae ete«^ source above an can be essfly made to betinn. ti^e depti, - 
^e ispl^ devce can be made .0 be small, m additioh, ti,. display pi, 

r^«l',l 1.e electon sou«e can 7^ 

™nu&cti„ed so as to have a large screen «rf exhibi.^ Ugh Imnlnance 
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loiso) Moreover, since the election source of the • 

uniform electron emission chamcteristic Z^„, f 

a.e display device can form rCt^rri™^"^" ^T"" 

;.«a.i^.andca„dispU..„ln»se4hC.il^;:n ^ " 

[0151] 

fEffecte of the Invention] As described above according t« 

invention, an electron emission device shoXe aT . . ''''''''' 

plurality of electron emission device and in the ima« f« • 

-u^^ .inn^ous points formed h"rrrrr^^^ 
formation of a high quality image is possible. unuorm. 

[Brief Description of the Drawings] 

L^t:„«:n'^~-^^-°'»^«---^'<'»^^^ 

a) Fig is a drawing showing an example of manufecturing steps of the 
electron emission device ofthe present invention 

tngure 3] Fig 3 is a drawing showing a measurement evaluation sjstem for 

SS^^"'^'°^''''"'*'^'•'-*'■-°-•-o,the 

OOgure «] Hg. 6 is a dmving showing an embodiment of an image fonnine 
apparatusoftheptesentinvention. mage toqning 

mgure 7] Rg. 7 is a showtag a fluorescent flhn used in the ima« 

fomung apparatus ofthe present invention. ^ 

a^™ * = of A. embodiment ofthe image fo™i„g 

apparatus ofthe present invention. 

fHsure 9) Hg. 9 is a schematic view of a ladder ^ election somee of the 
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